Patient compliance with mouthwash use may be reduced by oral pain resulting from rinsing with alcohol-containing mouthwash. However, information regarding the effects of alcohol consumption and mouthwash alcohol concentration on oral pain is limited. In this double-blind, randomized, controlled cross-over study, we investigated the effects of alcohol consumption status and mouthwash alcohol concentration on response to and perception of oral pain induced by alcohol-containing mouthwash. Fifty healthy men aged 33 to 56 years were enrolled and classified as drinkers and nondrinkers according to self-reported alcohol consumption. All subjects rinsed with two commercially available mouthwash products (which contained high and low concentrations of alcohol) and a negative control, in randomized order. Time of onset of oral pain, time of cessation of oral pain (after mouthwash expectoration), and pain duration were recorded, and oral pain intensity was recorded on a verbal rating scale. Drinkers had later oral pain onset and lower pain intensity. High-alcohol mouthwash was associated with earlier pain onset and greater pain intensity. In addition, oral pain cessation was later and pain duration was longer in nondrinkers rinsing with high-alcohol mouthwash. In conclusion, alcohol consumption status and mouthwash alcohol concentration were associated with onset and intensity of oral pain. (J Oral Sci 55, 99-105, 2013)
Introduction
Antiseptic mouthwashes have an antimicrobial effect in the entire mouth, including areas easily missed during toothbrushing and interdental cleaning (1) . Studies show that antiseptics kill bacteria in saliva and on the soft tissues of the oral cavity, including the tongue and oral mucosa, which are reservoirs of pathogenic bacteria that transfer to and colonize on teeth (2) (3) (4) . Although mouthwash use is considered an adjunctive procedure in oral prophylaxis (5, 6) , it has been associated with oral pain and mucosal dryness (7, 8) , especially when alcoholcontaining mouthwashes are used. Pain during mouth rinsing can be discouraging and detrimental to patient compliance (9, 10) and may hinder optimal mouthwash rinsing.
Alcohol is included in mouthwashes as a solvent for active ingredients (11) . In solutions for external use, as in mouthwashes, alcohol acts as a solvent, an antiseptic, and as an active preservative at concentrations of 10-12% (12) . However, few studies have examined perception of oral pain induced by alcohol-containing mouthwashes. Although oral pain was found to be positively associated with the ethanol concentration of alcohol-containing mouthwashes (10) , oral pain responses varied widely. Regular alcohol consumption may substantially alter oral mucosal cells, even without exposure to tobacco (13) . Such changes may alter perception of the oral pain that prevents individuals from rinsing correctly. Therefore, we examined the effects of alcohol consumption status and the alcohol concentration in alcohol-containing mouthwashes on the onset, cessation, duration, and intensity of pain induced by alcohol-containing mouthwashes.
Methods
The subjects of this double-blind, randomized, controlled cross-over study were selected from outpatients of the Institute of Dental Sciences, Bhubaneswar, India. We calculated that 21 subjects per group would be necessary to detect changes in oral pain onset, cessation, duration, and intensity at a significance level of 5%, an effect size of 0.4, and power of 0.95. We thus planned to enroll 25 subjects per group. Fifty healthy nonsmoking men aged 35 to 55 years agreed to participate in the study. All subjects were dentate, with good oral hygiene and gingival health. Those wearing fixed or removable appliances or dental prostheses were excluded, as were those with any medical or pharmacologic history that could compromise the conduct of the study. Additionally, subjects allergic to alcohol-based mouthwashes, smokers and those with any ulcerative, necrotizing, or desquamative lesions in the oral cavity were excluded. Informed consent was obtained from all subjects, and the local research ethics committee approved the study protocol. Self-reported alcohol consumption was assessed using previously reported methods (14, 15) . Subjects were asked about the usual number of drinks they consumed per week, for each drink type. One drink was defined as 12 ounces of beer, 4 ounces of wine, or 1 ounce of hard liquor, which all contain the same amount of pure alcohol (16, 17) . The questionnaire items asked about frequency and volume and allowed us to calculate the total amount of alcohol consumed per week.
All subjects received a code number corresponding to a given rinsing sequence, and the procedures to be used throughout the study were explained to the subjects. The subjects were divided into two groups of 25 subjects each, based on their alcohol consumption status, ie, drinkers and nondrinkers. Drinkers were defined as individuals who reported consuming at least five drinks per week for at least 1 year; nondrinkers were defined as those with no history of alcohol consumption.
During the assessment periods, each subject used three rinsing solutions: two commercially available mouthwash products with different ethanol concentrations, and distilled water as a negative control. Numerical codes were assigned to each rinsing solution, and the mouthwash preparations were presented to subjects, in random order, in the form of a single 20-mL rinse in a covered, disposable, white Styrofoam cup. Subjects were asked to begin rinsing immediately after the examiner gave them the cup of solution, at which point a timer was started. Subjects were instructed to signal the examiner at the onset of oral pain, which marked the first time reading. They were then instructed to expectorate the rinsing solution after 30 s. The time when subjects signaled the cessation of oral pain was the second time reading. A digital stop watch was used for all timings. Subjects then rated their pain intensity on a 10-point verbal rating scale ranging from no pain ("0") to extremely intense pain ("10"). All the investigations were carried out in an isolated room by the same examiner, assisted by a time keeper. The subject, examiner, and time keeper were blind to the contents of the rinsing solution. Three days were allowed as a washout period between the crossovers. Product 1 was distilled water (negative control), product 2 was a commercially available alcohol-containing mouthwash with a high concentration of ethyl alcohol (Listerine Cool Mint; I.P. 21.6% v/v, Pfizer Limited (India), Mumbai, India), and product 3 was an alcohol-containing mouthwash with a low concentration of ethyl alcohol (Colgate Plax Soft Mint; I.P. 12% v/v, Colgate-Palmolive (India) Limited, Mumbai, India).
Statistical analysis
Two-way ANOVA was used to examine the effect of alcohol consumption status and mouthwash alcohol concentration on onset, cessation, duration, and intensity of oral pain. The Shapiro-Wilk test confirmed that these dependent variables were normally distributed for all study groups. A P value of ≤0.05 was considered to indicate statistical significance in all analyses.
Results
We investigated if the alcohol consumption status of individuals and the alcohol concentration of mouthwash affect onset, cessation, duration, and intensity of oral pain. Because no data on pain response were collected for distilled water in either group (ie, none of the subjects reported any pain during rinsing), only the two mouthwashes were considered in the statistical analysis. We therefore evaluated two independent variablesalcohol consumption status categorized as drinkers and nondrinkers, alcohol concentration in mouthwash categorized as high and low. Table 1 represents the descriptive data, while Table (Table 3) showed a main effect for alcohol consumption status. There were significant differences in pain onset (F(1, 100) = 222.17, P < 0.001), cessation (F(1, 100) = 91.53, P < 0.001), duration (F(1, 100) = 200.66, P < 0.001), and intensity (F(1, 100) = 24.49, P < 0.001), which indicates that drinkers had later oral pain onset, earlier cessation, shorter duration, and lesser intensity as compared with nondrinkers. There was also a main effect for mouthwash alcohol concentration. There were significant differences in pain onset (F(1, 100) = 203.62, P < 0.001), cessation (F(1, 100) = 527.59, P < 0.001), duration (F(1, 100) = 231, P < 0.001), and intensity (F(1, 100) = 63.06, P < 0.001). These findings show that rinsing with high-alcohol mouthwash resulted in earlier pain onset, earlier cessation, shorter duration, and higher pain intensity as compared with low-alcohol mouthwashes. Finally, there was an interaction between alcohol consumption status and alcohol concentration in relation to pain cessation (F(1, 100) = 33.55, P < 0.001) and duration (F(1, 100) = 28.02, P < 0.001). Figure 1 shows the profile plots and reveals significant interaction in subplots (B) and (C). Because the interaction P-value is statistically significant, the effect on the mean outcome Simple effects tests showed a significant difference between alcohol concentrations, among drinkers and nondrinkers, in pain cessation (F(1, 50) = 365.7, P < 0.001; F(1, 50) = 169.77, P < 0.001) and duration (F(1, 50) = 164.44, P < 0.001; F(1, 50) = 68.67, P < 0.001), which indicates that drinkers and nondrinkers had earlier pain cessation and shorter pain duration while rinsing with high-alcohol mouthwash as compared with lowalcohol mouthwash. In addition, significant differences were observed between drinkers and nondrinkers, for high-and low-alcohol mouthwashes, in relation to pain cessation (F(1, 50) = 135.96, P < 0.001; F(1, 50) = 6.29, P = 0.016) and duration (F(1, 50) = 189.93, P < 0.001; F(1, 50) = 39.24, P < 0.001), indicating that nondrinkers had later pain cessation and longer pain duration than did drinkers, with both high-and low-alcohol mouthwashes.
Discussion
Oral pain is one of several side effects of mouthwash use, especially while using alcohol-containing mouthwashes (8) . Such pain may lead to suboptimal rinsing. Because pain has a vital role in patient compliance, pain induced by alcohol-containing mouthwashes is likely to interfere with proper use of prescribed mouthwashes.
Bolanowsky et al. (9) assessed oral pain and alcohol content in mouthwashes. However, the alcohol consumption status of the participants was not considered. Ethanol adversely affects oral tissues (18) , and changes due to regular alcohol consumption and exposure of oral mucosa to alcohol may affect oral pain perception. Therefore, we evaluated the alcohol consumption status of the present participants while assessing the association of oral pain with ethanol concentration in mouthwash.
As in previous studies (14,15), we used self-reported assessment of alcohol consumption. However, the accuracy of such assessments is usually inadequate, and different items elicit varying degrees of reliability and validity (19) . Lifetime history of alcohol consumption would have been more useful measure since the net result of the effect of alcohol on oral mucosa may depend on several factors such as dose, frequency, timing, and pattern (20) .
The present study design differed from that of a previous investigation of the correlation between oral pain and alcohol concentration in mouthwash by Bolanowsky et al. (9) . In that study patients were asked to rinse and report their oral pain experience on a numerical scale at fixed time intervals, which may not reflect the exact time of oral pain responses. To overcome this difficulty, we used continuous time recording. In addition, only two time readings -onset of oral pain and cessation of oral pain (after expectoration) -were recorded in the present study. This approach allowed for straightforward recording of oral pain, which minimized the possibility of study error.
None of the present subjects reported oral pain during rinses with distilled water (negative control), and therefore no time readings could be recorded. This was in contrast to an earlier study (9) that recorded very weak pain during water rinses. Lack of oral pain during rinses with distilled water was not surprising since the present subjects were healthy and free from oral lesions.
The present study found that drinkers had later pain onset and less pain intensity. Rinsing with high-alcohol mouthwash was associated with earlier pain onset and greater pain intensity. Also, among nondrinkers rinsing with high-alcohol mouthwash, pain cessation was later and pain duration was longer. These findings might be due to alcohol-induced changes to oral tissues, which may lead to degeneration of nerve endings in oral mucosa (18) . Prolonged exposure may also sensitize peripheral nerve-endings, leading to diminished response, since ethanol destroys nervous tissue by extracting cholesterol and other lipids and by protein precipitation (21) . There are several other mechanisms by which ethanol might affect oral mucosa, such as oxidizing activity that leads to changes by directly injuring DNA (22) and increased carcinogen penetration across the oral mucosa, perhaps due to increased mucosal permeability (23) , which increases with increasing alcohol concentration (24) . Kuyama et al. (25) studied the effects of alcohol on oral mucosal cells in 125 subjects and found increased keratinization of oral mucosal cells. Homann et al. (26) noted increased salivary acetaldehyde levels after ingestion of only moderate amounts of ethanol. Substantial acetaldehyde accumulation in oral tissues during chronic ethanol consumption may explain some cytologic anomalies in the oral mucosa of nonsmoking alcohol drinkers (27) .
The negative control in the present study contained no alcohol, and thus could not match the response to pure ethanol. Therefore, the differences in observed pain readings could be due to other ingredients in these mouthwashes. High ethanol concentration, low pH, and other mouthwash ingredients, such as artificial sweeteners or flavoring agents, might function as irritants, either individually or in a synergic manner (25) .
The mouthwashes in this study are commercially available and differ in ethanol content. They are easily available, widely used, and are effective in reducing oral microbial load (28, 29) . In a recent review (30) of the safety of alcohol-containing mouthwashes, the authors proposed that mouthwashes should be prescribed by dentists, like any other medication, and that it is inadvisable for oral healthcare professionals to recommend long-term use of alcohol-containing mouthwashes.
The present study yields insight on variation in oral pain response and intensity. We found that alcohol consumption status and mouthwash alcohol concentration were associated with oral pain onset, which occurred as early as 5.5 s and 9.4 s in high-and low-alcohol mouthwashes, respectively. To ensure optimal benefit and effectiveness, mouthwashes must remain in contact with dental surfaces for at least 30 s (31). However, the occurrence of oral pain will hamper such use and affect patient compliance. In addition, the delayed pain onset in drinkers highlights the tolerance of oral tissues due to repeated alcohol exposure. This variation in response needs to be fully understood, as current safety information on alcohol-containing mouthwashes is conflicting and unclear. Moreover, mouthwashes are sold as overthe-counter products and are advertised in media, which may promote misuse. Within the limitations of the present study, we conclude that alcohol consumption status and alcohol concentration of mouthwash are associated with oral pain onset and intensity.
